The research was conducted in the years 2009-2011 at the Fruit Farming Laboratory of the West Pomeranian University of Technology in Szczecin at the Experimental Station in Ostoja (northwestern Poland). The fourteen blackcurrant bushes of Scottish, Ukrainian and Polish breeding were tested. Physical features of fruits (fruit size, firmness, puncture of the skin, colour, the force required to separate the fruit from the stem) and soluble solids, titratable acidity, pH and phenolic composition were measured on fresh berries immediately after the harvest were performed on fresh fruits. The 'Ben Alder' cultivar was characterised by the smallest fruits; the weight of 100 fruits from this cultivar was 81.2 g, while the weight of 'Jubilejnaja Kopana', 'Wernisaz', 'Tines' and 'Ben Conan' was over 200 g. The Scottish cultivars from the Ben group, Polish cultivars and Saniuta cultivars were characterised by the greatest firmness and resistance to damage. The 'Ben Alder' cultivar had the highest polyphenol content (789 mg 100 g of fruits), and anthocyanins were the largest group of compounds. The fruit skins were of a dark colour, and were much darker than the flesh. After the maceration process, the juice was much darker than the fruits, from which it was obtained.
Introduction
The blackcurrant is a plant which has been known for a long time, the first mentions of it already originate from the 11th century (Sweet, 1999) . Wild forms were cultivated 400 years ago and it began to be grown as a commodity crop in Austria at the end of the 19th century as an alternative for endangered vine plantations grape phylloxera (Daktulosphaira vitifoliae) (Peters, 1884) . Over 60 cultivars of this species existed already at the beginning of the 20th century (Hummer and Barney, 2002) . In Poland, the blackcurrant began to be produced on a greater scale in the 1970s (Makosz, 2007) , and at present, its production is the greatest on a global scale. Blackcurrant cultivation is also becoming more and more popular in the USA, where a ban on its cultivation was introduced to protect cultivations of the eastern white pine attacked by white pine blister rust. Cultivation of the white pine blister rust resistant cultivars contributed to revoking the ban (McGlynn, 2006) .
Three species had the greatest share in the cultivation of blackcurrant cultivars: R. europaeum, R. scandinavicum, R. sibiricum; however, to obtain resistance to environmental factors and to improve production qualities, genes of species from various parts of the world were introduced: R. bracteosum from Alaska, R. petiolare from North America, R. dikuscha from central Russia, R. ussuriense from Manchuria as well as several other species (Keep, 1995; Barney and Hummer, 2005) . Cultivation works are conducted at several centres (Brennan, 2008) , and the largest gene banks are situated in Russian centres, in Ukraine, Sweden and in the USA (Pluta, 1996) . Scottish growers, who noticed that bioactive compounds have a considerable influence on the human body, focused on increasing the contents of not only ascorbic acid, but also anthocyanins (Lipecki and Libik, 2003) .
Due to their specific odour and flavour, blackcurrant berries are mostly used in the food processing industry for the production of juice concentrate and frozen products (Makosz, 2006) . However, it is fresh berries that are characterised by the highest biological value, which is why breeding works focus mostly on the improvement of taste characteristics of the blackcurrant (Markowski and Pluta, 2003; Pluta and Żurawicz, 2008a) . The interest in products rich in bioactive substances is growing, as these compounds are beneficial to health due to the numerous functions they fulfil in the human body. They prevent lifestyle diseases, strengthen the body, reduce stomach problems and indigestion (Halliwell, 2001; Manach et al., 2004) , prevent circulatory system diseases by effectively preventing LDL oxidation (Borowska, 2003) . Their ability to suppress the activity of free radicals is particularly emphasised (Oszmiański and Sożyński, 1989; Heinonen et al., 1998; Espín et al., 2000; Borowska, 2003; Oszmiański and Wojdyło, 2005) . A relationship was also found between the antioxidant activity and the the content of polyphenols and anthocyanins in products (Ehlenfeldt and Prior, 2001; Moyer et al., 2002) . Fruits and, in the case of the blackcurrant, juices as this is the main way in which it is used, are a rich source of bioactive compounds with proven pro-health properties.
In this study, physical and chemical parameters of fruits from several blackcurrant cultivars from various breeding centres were compared with a simultaneous evaluation of their usefulness for mechanical harvesting and pro-health properties.
Materials and methods
The study was performed in the years 2009-2011 at the Pomiculture Department, West Pomeranian University of Technology in Szczecin. The fourteen blackcurrant bushes breeding Scottish ('Ben Alder', 'Ben Conan', 'Ben Gairn', 'Ben Hope'), Ukrainian ('Jubilejnaja Kopania', 'Saniuta', 'Sjuta Kijewska', 'Sofijewskaja', 'Wernisaż') and Polish ('Ores', 'Ruben', 'Tiben', 'Tines', 'Tisel') were tested. The bushes grew at the Experimental Station in Ostoja (north western Poland) in a luvisol made from boulder clays, this soil was classified as arable land, valuation class IIIa and the good wheat complex.
The soil had a medium-level potassium and phosphorus content and it was rich in magnesium (Tab. 1). Every spring, nitrogen fertilisation was applied at a dose of 60 kg together with watering using a drip-line irrigation system. Shrubs were planted in 2006 at a spacing of 3.0 × 1.5 m in three repetitions in a random subblock system.
Physical features of fruits (fruit size, firmness, puncture of the skin, color, peel the fruit from the pedicel) and soluble solids, titratable acidity pH and were measured on fresh berries immediately after the harvest were performed on fresh fruits. Phenolics composition was determined in fruit samples that were kept frozen (-32°C) in polyethylene bags (500 g) until analyzed.
The fruit weight was measured with RADWAG WPX 4500 electronic scales (0.01 g accuracy). Fruit diameter, firmness and puncture resistance of the skin was measured with a FirmTech2 apparatus (BioWorks, USA) of 100 randomly selected berries from each replicate was expressed as a gram-force causing fruit surface to bend 1 mm. Puncture were made using a stamp with a diameter of 3 mm.
The force required to separate the fruit from the stem was measured by means of a portable Kirschenzipper device manufactured by UP GmbH.
Fruit, pulp, juice and leaves color were measured in a transmitted mode through Konica Minolta CM-700d spectrophotometer in 1 cm-thick glass trays. Measurements were conducted in CIE L*a*b* system [L* white (100) black (0), a* green (-100) red (+100), b* blue (-100) yellow (+100)], through a 10° observer type and D65 illuminant.
Greening index determined using Chlorophyll Meter SPAD-502 (Minolta) in SPAD units in autumn, a measurement of leaf surface was performed by means of a DIAS scanner connected to a computer.
After the harvest, the fruits were de-stemmed, next they were crushed and the colour of the pulp obtained was determined. To obtain juice, the berries were macerated at 50°C with the addition of the PT 400 Pektopol enzyme at a dose of 400 mg per kg of fruits for 120 minutes. After this time, the colour of the pulp was measured again. After the completion of the enzymatic processing, the pulp was pressed using a hydraulic press at a pressure of 3 MPa and, subsequently, the colour of the juice was determined. Soluble solids content was determined with a digital refractometer PAL-1 (Atago, Japan). Titratable acidity was determined by titration of a water extract of chokeberry homogenate with 0.1 N NaOH to an end point of pH 8.1 (measured with an multimeter Elmetron CX-732) according to PN-90/A-75101/04.
The HPLC analyses of polyphenols were carried out with HPLC apparatus consisting of a Merck-Hitachi L-7455 diode array detector (DAD) and quaternary pump L-119 7100 equipped with D-7000 HSM Multisolvent Delivery System (Merck-Hitachi, Tokyo, Japan). The runs were monitored for phenolic acids at 320 nm, flavonols and luteolin glucoside at 360 nm, and anthocyanin glycosides at 520 nm. Retention times and spectra were compared to that of pure standards and total polyphenols content was expressed as mg per 100 g fruit tissue. Standards of anthocyanidin glycosides were obtained from Polyphenols Laboratories (Norway), while, for phenolic acids, flavonols and from Extrasynthese (France).
The values were evaluated by the Tukey test and the differences at p<0.05 were considered significant. The statistical analyses were performed using the Statistica 10.0 software (Statsoft, Poland).
Results and discussion
The size of fruits, apart from their chemical composition, is one of parameters defining the yield quality. During the assessment of physical parameters of blackcurrant berries, it was found that the 'Ben Alder' cultivar is characterised by the smallest fruits, their diameter was 12.7 mm, and 100 fruits weighed 81.2 g (Tab. 2). Similar results were obtained in a research conducted by Rousseau et al. (2002) and Pluta et al. (2005) . The greatest weight of 100 fruits (over 200 g) was found in the 'Jubilejnaja Kopana', 'Wernisaż', 'Tines' and 'Ben Conan' cultivars; the fruits from these cultivars were also characterised by the longest diameters. In a research by Pluta et al. (2007) , the 'Jubilejnaja Kopana' cultivar was also characterised by the largest fruits out of over 10 cultivars under analysis; however, the unit weight of fruits was much less, as compared to the results presented in this study. Fruits from the 'Tiben', 'Ruben' and 'Ores' cultivars reached a slightly lower weight in a research conducted by Pluta and Żurawicz (2008b) , as compared to the fruits analyzed in this study.
The firmness of the fruits, their susceptibility to damage and the force required to separate the fruit from the stem largely determine the usefulness of the individual cultivars for mechanical harvesting. The fruits of the 'Tiben', 'Ben Hope', 'Saniuta' and 'Ruben' cultivars were characterized by the greatest firmness as well as by high puncture resistance of the skin, which was much higher than in fruits of lowbusch and highbush blueberry (Ochmian et al., 2008;  Ochmian, 2013) . The high firmness of the blackcurrant is also confirmed by research conducted by Viskelis et al. (2010) . Fruits from the 'Tiben' and 'Jubilejnaja Kopania' also required the greatest force to separate the fruit from the stem, and were over 170 g. Fruits of the 'Sjuta Kijewska' cultivar were characterized by the lowest firmness, skin puncture resistance and the lowest force required to separate the fruit from the stem (85 g). Soft fruits were also collected from shrubs of the 'Jubilejnaja Kopania', 'Sofijewskaja' and 'Wernisaż' cultivars; their firmness was comparable to the firmness of blue honeysuckle (Lonicera caerulea var. kamtschatica) (Ochmian et al., 2009) .
Important characteristics determining the blackcurrant usefulness for processing include the acid content (at least 2.67 g·100 mL -1 ) and the extract content (>10.5%). A low acid level and the highest possible extract content are important for direct consumption. The fruits of all cultivars under analysis were characterized by the extract content required by the processing industry. The highest extract content was found in fruits from the 'Tisel' cultivar, it was also relatively high in the 'Tines' and Ben Gairn cultivars. 'Wernisaż' and 'Sjuta Kijewska' cultivars were characterised by the lowest extract content. Among the cultivars under analysis, the 'Tiben', 'Ben Conan' and 'Ores' cultivars were characterised by the highest acidity. Blackcurrant cultivars were characterised by a high organic acid and extract content in research conducted by Mladin et al. (2009) . The 'Sjuta Kijewska', 'Jubilejnaja Kopania' and 'Wernisaż' cultivars were characterised by a low organic acid content, lower than the standards provided for the food processing industry. Fruits from the 'Jubilejnaja Kopania' cultivars had the most advantageous acid/sugar ratio (amounting to 1:6.2), which influenced their relatively mild taste and, thus, high usefulness for consumption of fresh fruits.
The high polyphenol content, especially of anthocyanins, vitamin C and other biologically active substances results in the fruits and products obtained from these fruits are valued as pro-health products. Therefore, two-thirds of the Polish yield are exported. Polyphenols are secondarily synthesised products, which protect against ultraviolet radiation and pathogens (De Gara et al., 2003; Hodges et al., 2004) . Their content largely depends on the cultivar (Mikkonen et al., 2001) , and their antioxidant potential decreases together with the degree of fruit ripeness (Wang and Jiao, 2001 ). The cultivars under analysis differed in terms of the content of polyphenolic compounds. The fruits from the 'Ben Alder' cultivar had the highest polyphenol content (789 mg), the polyphenol content was also high in the 'Saniuta', 'Jubilejnaja Kopania' and 'Tines' cultivars. The lowest content of polyphenols was found in the 'Ben Conan' and 'Tiben' cultivars (Tab. 4). The content of the individual polyphenols in blackcurrant fruits also varied. Anthocyanins constituted the largest group of compounds (Fig. 1) . 'Ben Alder' fruits contained 759 mg of anthocyanins, which accounted for 96% of all determined polyphenolic compounds. Bakowska-Barczak and Kolodziejczyk (2011) found the polyphenol content in fruits from this cultivar to be nearly twice as low (394 mg), while their results pertaining to the 'Ben Conan' cultivar were similar to those obtained in this study. 8 compounds from the anthocyanin group were identified in the research. Wu et al. (2004) identified 14 anthocyanins in black currant, but Milivojevic et al. (2012) found 8. The results of the analyses showed that the delphinidin-3-O-rutinoside content was the highest of all the anthocyanins. Blackcurrant fruits were also characterised by a high content of delphinidin-3-O-rutinoside and delphinidin-3-O-glucoside. The high content of these polyphenols and especially of delphinidin-3-O-rutinoside (47% of all polyphenols) is confirmed by research by Kalisz and Ścibisz (2010) . During the research, measurements of the fruit surface colour, the flesh and the pulp prepared from these fruits were performed (Tab. 3, Fig. 2 ). The component parameters of the fruit surface colour were at a similar level for the fruits from the cultivars under analysis. This can indicate a similar degree of fruit ripeness. Only the Tiben cultivar fruits were characterised by a significantly lighter skin (L* 32,80). The L* fell within the 22.01-23.63 for the other cultivars. The variance analysis conducted showed that the skin was the darkest in the 'Jubilejnaja Kopania' and 'Ben Conan' cultivars. The measurement also showed that the a* parameter for the majority of the cultivars assumed negative values, which, however, did not exceed -1 (green colour). The a* parameter value was positive only for the 'Sjuta Kijewska' cultivar and it amounted to 0.90 -red colour (Tab. 3). The assessment of the b* parameter revealed that it was the highest for the 'Tiben' cultivar (b* 9.53). In the 'Ben Alder' and 'Ben Hope' cultivars, the b* parameter assumed negative values.
The flesh colour was significantly different from the fruit surface; it was much lighter with a yellow-red colour. Significantly greater differences were also observed in the flesh colour between the cultivars under analysis. The fruits from the 'Ben Alder' cultivar were characterized by the lightest flesh colour, while the flesh of the 'Ben Hope' cultivar was the darkest (parameter L*). In the majority of the cultivars under evaluation, the fruit flesh colour was slightly reddish (parameter a*) and yellow (parameter b*). The parameter a* had the highest values for the 'Tiben' and 'Sofijewskaja' cultivars. Only for the 'Sjuta Kijewska' and 'Ben Conan', the parameter a* assumed negative values, which indicate the green colour. The parameter b* defining the yellow colour of the flesh was the highest in the 'Tiben', 'Wernisaż', 'Saniuta', 'Ruben' and 'Ben Conan', cultivar and it was the lowest in the 'Ben Hope' cultivar (Tab. 3). The content of polyphenolic compounds is higher in the fruit skin than in the flesh (Chang et al., 2000; Eberhardt et al., 2000) . Therefore, maceration has a beneficial effect on the pulp and juice colour. To obtain more comprehensive characteristics of the colour of the juices under analysis, the colour was measured in the passing light using the photocolorimetric method in the CIE L*a*b* system. The pulp intensity and also that of the juice prepared using the blackcurrant fruits are determined by the skin colour, which was much darker than the flesh in all of the cultivars. Directly after crushing the fruits, the L* parameter values of the pulp were similar to those of the skin (Fig. 1) . Only in the 'Tiben', 'Ben Alder', 'Wernisaż' and 'Ben Gairn' cultivars, the skin colour was distinctly lighter than the colour of the pulp made from these fruits. This shows a very fast maceration process, during which colouring compounds are released from the skin to the pulp. It was found that the pulp colour became darker during maceration conducted in the presence of enzymes. The lowest values of the L* parameter were found in the 'Ben Alder', 'Tiben', 'Ores' and 'Jubilejnaja' cultivars. The lightest pulp and juice were obtained from 'Ben Conan' fruits. Nevertheless, all juices obtained from blackcurrant fruits were darker than the pulp subjected to maceration (Fig. 1) . Juices obtained in the author's research were lighter than juices obtained from blackcurrant concentrates (L*5.84) described in the research by Kalisz and Wolniak (2007) . However, they were darker than juices produced from wingrapes juices (Ochmian et al., 2012) . No significant correlation was found between the juice colour (parameter L*) and the anthocyanin content in the fruits. The fruits from the 'Wernisaż' cultivar were characterised by the darkest juice, while the anthocyanin content was at a low level.
During the tests, also parameters of the blackcurrant leaves were determined. Variance analysis revealed that the cultivars under analysis differed from each other in the leaf colour and size (Tab. 5). The leaf surface area shows the plant productivity and condition. It also undoubtedly depends on the cultivar as it is affected by the size of shrubs. The 'Ben Hope' (67.3 cm 2 ) was characterised by the largest leaf, large leaves also occurred in the 'Ben Conan', 'Wernisaż' and 'Ores' cultivars. The 'Ben Alder' cultivar had definitely the smallest leaves -their surface area was only 26 cm 2 , and the total surface area of leaves from one shrub was 0.87 m 2 . By far, shrubs from the 'Ores' cultivar had the largest assimilative surface (3.93 m 2 ). Leaves of blackcurrant cultivars were characterised by a relatively dark colour (the L* parameter); the 'Tines', 'Sofijewskaja', 'Ruben', 'Tisel' and 'Ben Conan' cultivars had the darkest leaves, while the 'Ben Hope' leaves were the lightest.
An analysis of the a* parameter, which informs about the location in the colour space between red and green, revealed that it had the lowest (negative) value in the 'Ben Hope', 'Ben Alder' and 'Tiben' cultivars. The 'Ben Alder', 'Ben Hope', as well as 'Ben Conan', 'Tines' and 'Sjuta Kijewskaja' cultivars were also characterised by the lowest chlorophyll index (Gregorczyk and Raczyńska, 1997) . The correlation between the a* parameter and the chlorophyll index (SPAD) proved highly significant, which allows for the 164 determination of the chlorophyll content using a Konica Minolta spectrophotometer. Similar relationships were obtained in research on Amelanchier species (Ochmian et al., 2013) . Also, a significant correlation was found between the b* parameter and the chlorophyll index.
The b* parameter, which defines the location in the colour space between blue and yellow, was the lowest for the 'Sofijewskaja' cultivar, as well as for 'Ruben', 'Ben Conan' and 'Tines', and the highest for the 'Ben Hope' and 'Wernisaż' cultivars.
Conclusions
The Scottish-bred ben cultivars, Polish-bred cultivars and the 'Saniuta' cultivar were characterised by the greatest firmness and resistance to damage. These characteristics can be advantageous for mechanical harvesting. All the cultivars under analysis have an extract content required for processing purposes; however, the acidity of the 'Sjuta Kijewska', 'Jubilejnaja Kopania' and 'Wernisaż' cultivars does not meet the required values. They are characterised by a mild taste, owing to which they are suitable for direct consumption. The blackcurrant cultivars under analysis show considerable diversity in terms of polyphenol content, and thus, their pro-health properties. Anthocyanins have the highest share in the total polyphenol content. The 'Ben Alder' cultivar is the most valuable in this respect as well as the 'Saniuta', 'Jublejnaja Kopania' and 'Tines' cultivars.
Fruits of the cultivars under analysis are characterised by a similar dark colour of the skin, which is much darker than the flesh colour (the L* parameter). In the maceration process, the colouring compounds are mostly released to the pulp and juice obtained from these fruits.
As regards the colour of blackcurrant leaves, the a* and b* parameters are correlated with the chlorophyll index (SPAD), which allows for determining the 
